Parotidectomy, the main treatment for benign or malignant parotid tumors, is also indicated in advanced skin tumors invading the gland or spreading to the parotid lymph nodes 1 .
Surgery involves facial nerve manipulation at its trunk and branches. Although facial nerve preservation is aimed at, especially in patients without previous weakness 2 , the incidence of immediate post-parotidectomy facial nerve dysfunction is high, reaching 14.5% of permanent deficits 3 . Causes may be related to the surgery, or the underlying disease 4, 5 . The marginal mandibular branch (MMB) is the most frequently affected 3, 5, 6, 7 , resulting in an inability to show the lower teeth on the affected side due to weakness of the depressor labii inferioris (DLI) and depressor anguli oris (DAO) muscles 8 .
The Sunnybrook Facial Grading System (S-FGS) was recently recommended as the standard tool for assessing facial nerve dysfunctions 9 . However, the muscles innervated by the MMB are not considered by this instrument.
The objective was to emphasize the importance of the MMB dysfunction as a frequent complication following parotidectomy and propose a modified S-FGS that significantly improves the overall clinical assessment of the facial nerve.
METHODS
This was a retrospective study involving post-parotidectomy patients with dysfunctional facial nerves, treated at the Physiotherapy Department, National Cancer Institute, Rio de Janeiro, Brazil, between January 2006 and December 2014. During this period, a qualified and experienced physiotherapist (MGSTC) personally followed the study patients. Patients had been referred to the physiotherapy outpatient clinic by surgeons or physiotherapists responsible for inpatient care.
At the first outpatient physiotherapy appointment (median time after surgery: 28 days, interquartile range [IQR]: [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , the assessment of the five standard facial expressions ( forehead wrinkle, eye closure, smile, snarl and lip pucker) was performed as recommended by the S-FGS. Additionally, the DLI and DAO integrity was evaluated using the same criteria through the command "show the lower teeth". In edentulous patients, the command was adapted to "turn down the lower lip". According to the S-FGS, each expression receives a degree ranging from 1 to 5, where 1 means no movement, and 5 means full movement, compared with the normal side. The voluntary movement (VM) score is calculated by adding the individual degrees of movement of the five expressions and multiplying the result by 4. This result forms a composite score with two other components, resting symmetry and synkinesis. For the VM scores, patients with total facial paralysis receive 20 points, and those with normal facial movements get 100 points.
The proposed modified Sunnybrook system (mS-FGS) consisted of removing the "snarl" expression, performed by the levator labii superioris and levator labii superioris alaeque nasi muscles (one of the three expressions performed by muscles predominantly innervated by the buccal branch); and inserting the "show the lower teeth" expression, performed by the DLI and DAO muscles, innervated by the MMB. We then calculated the VM score using both the original and mS-FGS versions.
After facial movement assessments, patients with mild dysfunctions and spontaneous recovery were released. The remaining patients started an individualized physiotherapy program, including self-massage and facial mirror exercises, according to treatment-based categories 10, 11 . Stretching, for healthy hemiface muscles, was prescribed when necessary. Every patient received a manual containing instructions for home exercises to be performed three times a day, with mirror biofeedback, until complete recovery. In the subsequent appointments, patients with low degrees of facial movement received additional proprioceptive neuromuscular facilitation and stimulation with ice 12, 13 . Patients were periodically reassessed, following the same protocol. The mean number of physical therapy appointments was 5.40 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) , and the median interval time between the first and last facial evaluations was 133 days (IQR: 53-269). The final analysis involved 50 patients.
The Mann-Whitney and Kruskal-Wallis nonparametric tests were used to contrast the degree of movement in the DLI/DAO and the VM scores (original and modified) with the categorical variables. The Wilcoxon test was used to analyze the difference between original and modified VM scores, and the score variation between the initial and final times. The analyses were performed using an SPSS software version 17. A 95% confidence interval was considered significant.
The research project was approved by the National Cancer Institute Research Ethics Committee under registration number 49889015.0.0000.5274, in October 2015.
RESULTS
From the initial 175 post-parotidectomy patients, 67 were excluded in the first evaluation, as 10 had received physiotherapy treatment only during hospitalization, and 57 had facial nerve sacrifice at the level of the trunk or branches. Among the remaining 108 patients, 36 were excluded for various reasons ( Table 1 ). The final sample comprised 72 patients originating from 73 cases (one patient was operated on twice): 40 women (54.8%), with a mean age of 53.2 years (18-84 years). By the last evaluation, we had lost patients because of the following reasons: they had been released from physical therapy due to spontaneous recovery (10 patients), abandonment of treatment (eight patients), no proper records of a second evaluation ( four patients) and death (one patient).
Parotidectomy was performed because of benign and malignant parotid neoplasms or advanced skin cancer. Clinical and surgical data are depicted in Table 2 . About one third of the patients (30.1%) needed resection of other structures beyond the parotid, mostly the preauricular skin.
Enlarged procedures included the auricular pavilion (partial or entire), auditory canal, sternocleidomastoid muscle, among others. Reconstruction, required in 23 patients, was performed using techniques selected according to the defect dimension -advancement, unilobed, bilobed, pectoralis major and deltopectoral flaps, among others. In five benign disease patients, the reconstruction with fat graft was used for prevention of Frey's syndrome. Only one patient had undergone previous radiotherapy. Pleomorphic adenoma was the most frequent benign parotid disease (68.4%). Regarding malignant tumors, mucoepidermoid carcinoma was the major parotid neoplasm (33.3%), whereas squamous cell carcinoma and melanoma accounted for 65% of skin cancers. Figure 1 shows the distribution of degrees of movement from each evaluated expression. The most affected muscles were the ones innervated by the MMB (DLI/DAO), where the lowest degrees of movement (1-3) were observed in 72.6% of the patients. Almost 40% of these patients received a score of 1 degree (no movement). The second most affected muscle was the orbicularis oris (49.3%). In some patients, the inferior portion of this muscle is also innervated by the MMB.
The DLI/DAO movements did not vary according to clinical variables (age, primary site, malignancy). Patients submitted for neck dissection, either in the total sample (p = 0.023) or in the malignant parotid subgroup (p = 0.054), had statistically significant lower degrees of movement. Patients who required resection of level I lymph nodes (seven patients) and submandibular gland ( five patients), both located at the submandibular triangle, also had low DLI/DAO degrees of movement. However, this difference did not reach statistical significance. The five patients who underwent reconstruction with fat graft had higher DLI/DAO degrees of movement (p = 0.004). The same was observed in patients with malignant parotid disease, reoperated upon because of tumor recurrence (p = 0.038). These findings were unexpected, especially the latter, since the risk of facial nerve damage in re-operations is higher. As re-operations occurred in only two patients, this finding was attributed to chance ( Table 3) .
The VM scores ( five facial expressions assessment) were higher when calculated by the original system (median = 80 points, IQR: 54-100). Patients with benign diseases had higher median scores (92 points) than those with malignant parotid tumors (68 points) and skin cancer (64 points), but this difference was not significant (p = 0.071). The VM scores obtained with the mS-FGS were statistically lower in both the total sample and subgroups. Using the mS-FGS, the VM scores were different among subgroups (p = 0.036). The 12 patients who underwent more complex surgeries (parotidectomy, resection of other structures, neck dissection and reconstruction) had the lowest median score (50 points; IQR: 41-83). In contrast, the 38 patients with benign disease had the best results (median = 82; IQR: 63-92). Full movement (100 points) was assigned to 20 patients (27.4%) using the original system, contrasting with only 7 (9.7%) using the mS-FGS (Table 4 ).
Voluntary movement score values (original and modified) were significantly lower in patients with malignant disease, regardless of the instrument used (p = 0.022 and p = 0.010, respectively). Patients who required neck dissection or resection of other structures beyond the parotid gland had also lower scores, which were only observed with the mS-FGS (Table 5 ).
In the last evaluation, the outcomes from the 50 remaining patients showed significant improvement in VM scores, regardless of the disease and the system used. However, the worst outcomes were observed in muscles innervated by the MMB, with 17 patients (34%) maintaining the lowest degree of movement ( Figure 2 ). The isolated MMB paresis was observed in 10 patients, eight of them with benign diseases. 
DISCUSSION
The facial nerve provides innervation for facial expression muscles, and asymmetry is immediately evident and upsetting following facial nerve lesions 14 . This study showed that a modified version of the S-FGS-the mS-FGS, including evaluation of the DLI and DAO muscles-significantly improved the overall assessment of facial nerve dysfunctions following parotidectomy. Several other instruments are available to clinically assess facial nerve impairments 9, 15, 16 . The most popular is the House-Brackmann Facial Nerve Grading System (HB), which grades the facial nerve function in six levels 17 . This system has received criticism due to the propensity for interobserver variation and low sensitivity to facial changes over the time 18 . Moreover, the HB has limitations in accurately distinguishing different degrees of dysfunction among the facial nerve branches [19] [20] [21] . This distinction is indispensable for the physical therapist to plan the best treatment, compare results and predict the functional prognosis. Even the Facial Nerve Grading Scale 2.0 (the revised HB) 22 , which proposes a regional evaluation of the face, does not enable the evaluator to distinguish whether the dysfunction of the oral region is related to the buccal branch, or to the MMB, or both. An adapted HB approach has been used to assess the facial nerve branches post-parotidectomy 23 . However, some aspects of this method were not clear, such as the criteria to objectively differentiate between some discrete nuances of the HB grades (III and IV), and which muscles or facial expressions were selected to assess each branch (especially the buccal).
New instruments have been created, focusing on a more reliable evaluation with greater reproducibility. The S-FGS stands out in this sense 24 . It offers a regional assessment, considering the face at rest and during movements, beyond the synkinesis, and with good intraobserver and interobserver reliability. 9 The five standard expressions cover the temporal, zygomatic and buccal branches. However, muscles predominantly innervated by the MMB are not included in the system, limiting the test's use for post-parotidectomy assessment (Figure 3 ). Other instruments include the evaluation of lip depression, such as the Sydney 19 , and Yanagihara 25 facial nerve grading systems, but the S-FGS surpasses them, mainly in relation to the details of other components (resting symmetry and synkinesis).
The post-parotidectomy facial nerve grading system was specifically developed for this purpose 26 , but its applicability and efficiency have not yet been tested by other authors. On the other hand, Fattah et al. 9 , on behalf of the Sir Charles Bell Society, "…recommend widespread adoption of the Sunnybrook Facial Grading Scale as the current standard in reporting outcomes of facial nerve disorders", based on their systematic review of 19 facial nerve grading scales. 9 This excellent tool, however, needs adaptation to better appraise parotidectomyinduced facial dysfunction by including the MMB evaluation. Otherwise, these muscles need to be assessed apart, hindering a consolidated result that would reliably reflect the postoperative facial functional status.
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Open mouth smile Gentle eye closure Forehead wrinkle Our attempt to add only the new expression to the S-FGS, without removing any item failed, as the composite score is based on weights. The inclusion of the sixth expression would hinder the maintenance of the individual values and the weights that compose the instrument, completely mischaracterizing it. In contrast, by withdrawing the snarl expression, we counterbalanced the new inclusion. This occurred because the buccal branch, which innervates the muscles of the snarl expression, maintains its integrity tested by two other important expressions: smiling (zygomaticus and risorius muscles) and lip pucker (orbicularis oris muscle). With the new method, the appraisal of the temporal and zygomatic branches, performed by the frontalis and orbicularis oculi muscles, remains unchanged. Since the cervical branch innervates only the platysma muscle, it was not considered here or in the original system. Although the present study emphasized the VM scores, owing to the proposal of the inclusion of the MMB, we reinforced the importance of other S-FGS components, such as resting symmetry, which was not changed. Considering the synkinesis grading, the expressions involved with the more frequent manifestations of aberrant reinnervation ( forehead wrinkle, close eyes, and smile) were mantained 27 .
The question arises as why the MMB is the most affected facial nerve branch in parotidectomies. Nichols et al. 28 argued that the reason was related to the fact that the MMB was thinner and longer than nerves that originated from the upper division. The relationship between the extent of facial nerve dissection and subsequent facial paresis was studied by Cannon et al 3 . The longest branch was the MMB (145mm), and, among their 11 patients with transient facial paresis, 10 involved this branch. Another possible reason was the lower number of vertical interconnections evidenced in the inferior branches compared with those in the upper branches 29, 30 .
In our study, the MMB was also the most affected, especially in patients with malignant parotid tumors who underwent neck dissection, which imposed an increased risk to the MMB due to the nerve manipulation distal to the parotid gland. This risk is higher during dissection of level I, located in submandibular triangle, although injuries may also occur at the top of level II [31] [32] [33] .
Guntinas-Lichius et al. 21 described that among their 79 patients with malignant parotid tumors submitted to total parotidectomy with facial nerve sparing, 76% required neck dissection. Forty patients (51%) presented with MMB dysfunction as evidenced by electromyography 21 . The increased risk to the MMB, by the inclusion of the level IB in the neck dissection of patients undergoing parotidectomy, was also emphasized by Møller et al 33 . In our sample, patients who required level I dissection presented with a considerable weakness of the MMB muscles, although this did not reach statistical significance.
The high DLI/DAO movement scores in patients who underwent reconstruction with fat graft for prevention of Frey's syndrome caught our attention. We did not find reports supporting this finding. Speculatively, we believe that these surgeries presented a low technical difficulty if the tumors were small (1.5-3.0 cm), benign (pleomorphic adenomas) and encapsulated, and were completely excised. The mean VM score of these patients was also high (above 92 points, regardless of the S-FGS version used), suggesting low morbidity of the procedure to the facial nerve as a whole.
Concerning the global facial assessment, we found significantly lower VM scores using the mS-FGS, and a statistically-significant difference among the subgroup scores was observed. This difference was expected because enlarged surgeries tend to result in more severe facial nerve damage. Malignant tumors, neck dissection and resection of other structures were associated with lower VM scores, but the last two findings were identified only by the mS-FGS. Worse results in malignant tumors have been justified by more aggressive surgical requirements 34 . Higher incidences of facial weakness were noted in patients with malignant parotid tumors arising from the deep lobe (100%) and in those requiring neck dissection (83%) 35 . Neck dissection was also associated with 3.5-times higher odds of facial palsy 36 . Concerning the resection of other structures, several parotidectomy reports related to skin cancer have addressed the diagnosis, treatment, and prognosis of the disease, but only reported the percentage of sacrifice or preservation of the nerve 37, 38, 39 . A series comprising 22 operations for cutaneous tumors including intra-and extraparotid nerve dissection showed that "… the rate of transient facial nerve dysfunction after cutaneous surgery for skin tumors is slightly higher than after superficial or partial parotidectomy for benign parotid gland tumors "40 .
We had 13 patients with isolated MMB paresis, most of them secondary to benign diseases that would not have been measured objectively if we had used only the original S-FGS. Patients with isolated MMB paresis (17%), evidenced by electromyography, were reported in a study of 963 parotidectomies for benign diseases 41 . Tung et al. 5 reported that all patients who developed immediate facial weakness after parotidectomy presented with MMB impairment. The percentage of isolated MMB paresis among these patients reached 93% 5 .
The MMB, besides being the most frequently affected, tends to be responsible for most of the permanent dysfunctions 35, 41, 42 . Likewise, our results revealed a worse MMB recovery in comparison with the other branches. Seventeen patients (34%) maintained the lower DLI/DAO degrees of movement, of whom 6 (35%) had a benign disease, 8 (47%) had skin cancer and 7 (41%) underwent neck dissection. Taken together, the data reinforce the importance of the MMB in the follow-up of parotidectomy patients.
Our study has some limitations. Although the time frame of this retrospective evaluation spanned eight years, the number of patients in each subgroup was small, probably due to the restrictive inclusion and exclusion criteria. There was no inter-rater evaluation or electromyographic examination. Nevertheless, our results robustly suggest that postparotidectomy facial nerve dysfunction is not adequately documented using the unmodified S-FGS. The inclusion of a detailed evaluation of the MMB, the most-frequently affected by surgery, makes the system more suitable for the post-parotidectomy assessments. The proposed modification, replacing the snarl expression by showing the lower teeth, enables the evaluation of this branch without hindering the appraisal of the other branches. The adoption of a standardized instrument, that is able to accurately reflect the global facial function, as well as the different impairments that are possible in each branch, favors a superior rehabilitation follow-up. A prospective study with a larger sample size may confirm the present findings.
In conclusion, the standard facial nerve evaluation tool, the S-FGS, fails to accurately capture dysfunction of the MMB. A modified S-FGS consisting of replacing the "snarl" expression by the "showing the lower teeth" improves the global assessment of the facial nerve involving MMB lesions.
